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PURPOSE 



The purpose of this study was to develop predictive models of persistence 
aSalv S 7 U fr^ engineering at the end of the sophomore year by 

^tjS»Vlterta. n1ne non - 1ntellect ^e variables In relation 

METHOD 

Data Source 

The 1984 entering freshman class 1n the College of Englneerina at The Penn 

of at l60 U S niV r^ ty SerV6 K d , as , the IWl«tlo» for this study ? Fro* a total I clX 
of 1605, data were obtained on 1220 students. Because of unusable data the 
final sample s'ze was 1043, representing 652 of the population 

Data Collection 

The Freshman Testing, Counseling and Advising Program (FTCAP) 1s provided 
s f ?a r qe a 1 onfdlv 9 J.T^Z \* l h - e Penn Stote University 9 . This Program "has t™ 
stages, one day each: l) testing and 2) counseling and advising. These two 

Sfffi'^JIaS^f^SiiL;? 1 " 10 ?; 5 f H Ce records and transcript Informal 
Zi a J 1 of enrollment, provided the data for this studv Tahle l Hctc 
the dependent and Independent variables, a description of toe variables their 
measurement levels and the data source for each variable. vanaDles » weir 

Statistical Analy sis 

As listed in Table 1, Sophomore Enrollme nt status (STATUS) was the 
S! ^"ete en Le.iective and non.-nte llSindfplnde^ 

* was 

ffiniliSwF 6nr0lled ^ a " en9ineer1n 9 "Jor in the first seSesJer of 

and ££^^ ! 3Ch predicted s °P homore Persistence 

ISmiJm! !♦ r dlff 1 e , rent L P °l nt in tme ' The f * rst n,odel "sed those variables 
available at pre-enrollment prior to the start of the freshman year. 

variables T^Tf 1 J? 6d i? 11 °L the Inflective .nd non-Intellective 
chSS III t M r de l \\ as wel1 as ^e grades 1n Calculus I, Physics I and 

fSaSyear. TyPlCa " y StUd6ntS Con,plete these courses * the end of the 
««iH ft ??« t r 1 r d ? ode ], u,e 2 A 11 , 0 ' the variables In Model II as well as the 

The discrete dependent variable STATUS was analvzpd in t P ™<: of 
ENGINEERING SUCCESSFULLY "l % ££? ^ tl0 °* ™« « S«CAUWrIItI 

Em Ih^lXymJ? """I 1 Il! n,neteen for Model III) The raodelf were 

ievei tor entry of a variable into the model was set at P = .10. The variables 



TABLE 1: DESCRIPTIONS OF VARIABLES 



VARIABLE NAMES 



VARIABLE DESCRIPTION 



MEASUREMENT LEVEL 



SOURCE OF DATA 



Dependent Variables 

Sophomore Enrollment Status (STATUS) 



Independent Variables - Intellective 

High School Grade Point Average 
(HSGPA) 

Scholastic Aptitude Test Score 
Mathematics (SATM) 

Scholastic Aptitude Test Score Verbal 
(SATV) 

Algebra Score (ALG) 



Chemistry Score (CHEM-S) 



Calculus I Grade (CALC I) 



enrollment status after two years 



converted grade point average based 
on high school academic courses only 



subscore of University's mathematics 
placement test 

score on University's chemistry 
placement test 

grade In Calculus I 



student transcripts and 
registration data 



persisting successfully in 
engineering (ENGR) 
science/mathematics oriented 
baccalaureate program (SCBAC) 
non-science baccalaureate program 
(NSBAC) 

associate program (ASSOC) 
nondegree (NDEG) 
discontinued enrollment (DISC) 
academically dropped (DROP) 



continuous variable (0.00 co 4.00) admission records 



continuous variable (200 to 800) admission records 



continuous variable (200 to 800) admission records 



continuous variable (0 to 32) 



continuous variable (0 to 20) 



.A 
.B 
•C 



FTCAP - testing phase 
FTCAP - testing phase 
student transcripts 



TABLE 1: DESCRIPTION OF VARIABLES (con't) 



VARIABLE NAMES 



VARIABLE DESCRIPTION 



Independent variables - Intellective 

Calculus Ii Grade (CALC II) grade In Calculus II 



Physics I Grade (PHYS 1) 



Physics II Grade (PHYS II) 



Chemistry I Grade ( "HEM I) 



grade in Physics I 



grade in Physics II 



grade in Chemistry I 



MEASUREMENT LEVEL 



.A 
.B 
.C 
.D 
.F 

.A 
.B 
.C 

-D 
.F 

.A 

.B 

f 
• v 

.D 
.F 

.A 
.B 
.C 
.0 
.F 



SOURCE OF DATA 



student transcripts 



student transcripts 



student transcripts 



student transcripts 
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TABLE 1: DESCRIPTION OF VARIABLES (con't) 



VARIABLE NAMES 
Independent Variables Non-Intellective 
Gender (GEN) 



Attitude Towards High School 
Mathematics (MATH? 

Attitude Towards High achocl Physics 
iPHYS) 

Attitude Towards High School Chemistry 
(CHEM) 

College Stu4y Hours (ST) 



Non-science Points (NSPTS) 

Reason for Engineering Choice (REAS) 

Certainty (CERT) 



VARIABLE DESCRIPTION 



students' reactions to high school 
mathematics 

students 1 reactions to high school 
physics 

students' reactions to high school 
chemistry 

anticipated college stucty hours per 
week 

consistency of major choices 

intrinsic (genuine) vs extrinsic 
(superficial) reasons 

expressed certainty regarding 
intended major 



MEASUREMENT LEVEL 



* male 

• female 

. like 

. indifferent/dislike 

. like 

. indifferent/dislike 

. like 

. indifferent/dislike 



SOURCE OF DATA 



admission records 



FTCAP - counseling and 
advising phase 

FTCAP - counseling and 
advising phase 

FTCAP - counseling and 
advising phase 



continuous variable (0 to 60) FTCAP - testing phase 



continuous variable (0 to 100) FTCAP - testing phase 



Knowledge of Intended Major (KNOW) accuracy of student's knowledge of 

engineering major 



. genuine 
. superficial 

. very certain 

. about 50/50 

. slightly uncertain 

. uncertain 

•accurate 
.Inaccurate 



FTCAP - counseling and 
advising phase 

FTCAP - counseling and 
advising phase 



FTCAP - counseling and 
advising phase 
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ALG, HSGPA, NSPTS, SATM, SATV, ST and CHEM-S were treated as continuous 
variables a.^d modeled with a single parameter. 

FINDINGS 

At the end of the sophomore year 510 students (48.90%) of the 1043 who 

be 9an in engineering were 1n an engineering major (?1 of 176 females = 40.34%, 
439 of 867 males = 50.36%). 

Each model Identified significant predictor variables for given points In 
time: pre-enrollment, freshman year and sophomore year. 

TU Model I - Pre-Enrollment Variables (Intellective and No n-intellective): 
The logistic = regression ^dei that best predicts the hg odds of the ratio of 
SinuSS? HS 116 , ! ? BACCALAUREATE ENGINEERING SUCCESSFULLY TO ALL OTHER 
ENROLLMENT STATUSES Included six of the fourteen eligible Independent 
variables. In order of the contribution to the total ch1-square these are High 
School Grade Point Average (HSGPA), Algebra Score (ALG), Gender (GEN), 
Non-Sdence Points (NSPTS), Chemistry Score (CHEM-S), and Reason for 
Engineering Choice (REAS). (Table 2). 

. Model II - Pre-Enrollment Variables plus grades in Calc ulus I, Physics I 
and Chemistry It Ine iogistic regression model that b est predicts the log odds 
^^"e ratio of PERSISTING IN BACCALAUREATE ENGINEERING SUCCESSFULLY TO ALL 
OTHER ENROLLMENT STATUSES included three of the seventeen eligible Independent 
variables. Listed 1n order of contribution to the total ch1-square these are 
(Tabll H ?hysUs 1 (PHYS I} * Calculus 1 ( CALC H. ^d Chemistry I (CHEM ?)? 

p . .Myelin - Pre-Enrollme nt Variables plus grades in Calculus I and II. 

S L 5 I,a " dl ™ rv1 :. Ine lQg ^ r thnt best 

SlSmW iS 9 n°Tur S 0 "LSJS 10 0f PERSIS ™G IN BACCALAUREATE ENGINEERING 
SUCCESSFULLY TO OTHER ENROLLMENT STATUSES Included three of the nineteen 
eligible Independent variables. In order of contribution to the total 

pSysl2s a i e (PHYS e n re Sle S 1) Calculus 11 (CALC p ^ sics 11 ( pHYS an <l 

DISCUSSION 

The three models that predict students qualifying for and choosing to 

IZr JJIJ^H^ 1 J. the C ^lT 0f ^glneerlng at the end of the sophomore 
year Indicate that the predictive variables are not constant over time. As 

a-n^?. P, ?^^^ thr0U f the f ? rSt , years of colle 9 e and data becomes 
available (academic performance), variables which at an earlier point 1n time 

were predictive are replaced by new variables. Therefore the model which is 

used for any individual student 1s determlred by the data which 1s available. 

Thus 1n the case of a student who his not yet begun colleqe the 
pre-enro lment variables of high school g -ade point average (HSGPA), algebra 
score (ALG), gender (GEN), non-sdence points (NSPTS), chemistry score (CHEM-S) 
?!^?i a i!° n I 0r choosing engineering (REASON) are the predictors of status. 
Typically after the freshman year when the student has completed Physics I, 
Calculus I and Chemistry I, grades 1n these courses replace the pre-enrollment 
variables as predictors. As a student completes the sophomore year and has 
taken Physics II and Calculus II the new predictors become grades 1n Calculus 

JkJFilZ£j«J hy *l e * < U ™ S * S cons * stent with the finding that the 
grades in mathematics and science courses are good indicators of potential 
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success In future engineering courses (Jakabowskl et. al., 1988). 

To the authors' knowledge the only previous study that attempted to 
predict simultaneously both persistence and success 1n engineering using both 
Intellective and non-intellective variables was Levin and Wyckoff, 1S88. This 
study used the same Dopulacion es the present study, and used pre-enrollment 
variables to predict persistence and success 1n engineering at the end of the 
freshman year, with a few exceptions the sa-.;e pre-enrollment variables that 
5 r fSJSiS3 Persistence and success at the end of the freshman year also 
predicted students qualifying for and deciding to enroll 1n a major 1n the 
College of Engineering at the end of the sophomore year. However, the order of 
the predictors' contributions to the total ch1-square did change. 

In the case of sophomore' predictions, the SAT verbal score was not 

UShUSI"* Jf 81 !" U * had , a sli 9 htl >' negative effect as a freshman year 
predictor. The two most promlnant variables, the algebra score (ALG) and high 
school average (HSGPA) , changed positions with the HSGPA being the most 

ElnH^ /r e cM?rD\ th l, S u phomore u year * Howeve r, the most noteworthy change was 
gender (GENDER) which was the least predictive for the freshman year, but 
became the third most Important variable for the sophomore year, with males 
being more likely to successful^ persist than females. The variables 
non-science points (NSPTS), chemistry score (CHEM) and reason for choosing 
engineering (REASON) remained 1n the same positions relative to each other. 
Students with genuine reasons for choosing engineering were more likely to 
successfully persist than those with superficial reasons. 

The two variables that contribute most to predictive Model I (high school 
average, algebra score) are Intellective and reflect general academic 
achievement as well as specific achievement in mathematics. Such variables 
typically reflect the use of abilities over a period of time, which is 
determined by such personal student characteristics as motivation, attitudes 
and study habits. Such variables are well-established predictors of overall 

II l Hy«off f J 982 )- These findings demonstrate a commonly held belief that 
the best predictor of future behavior 1s past behavior. However, 1n this study 
55»5 G ^ arl 5 bl f s , are ^ Predicting not only academic performance, but also a 
student s decision to enroll 1n a College of Engineering major after the 
completion of the sophomore year. Although 1t 1s acknowledged that academic 
performance may contribute to a student's decision to persist 1n any given 
J^lJSlE VfiVP st " dent T s u who do not persist in engineering even though 
they achieve at high .evels. The complex interaction between persistence and 
academic performance 1s an area that requires further study. 

A noteworthy outcome of this research 1s the finding that the variables 
which are predictive depend on the student's point of progress through the 
ti?J J ^ii2f r ?niii an *- Eng1ne ; r1n9 P ro 9 ram - The pre-enrollment variables of 
™£I «L£ «JffiU*«*^ J"? n T ° T n -^tellect1ve) are all replaced by academic 
performance variables 1n Models II and III as a student progresses through an 
engineering program. A reasonable hypothesis (to be tested In a future study) 
1s that performance 1n calculus, physics and chemistry 1s a function of the 
pre-enrollment characteristics of students. 
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TABLE 2: Model I - Logistic Regression for Persisting 1n Baccalaureate 
Engineering Successfully vs. All Other Enrollment Statuses at the End 

of the Sophomore Yea»/ 



EFFCCT 




PCTTMATF 


PUT CA 


- PR0B 


INTERCEPT 


1 


-4.665 


44.73 


.0001* 


HSGPA 

i lour t\ 


1 
1 


U. /O 1 


14,63 


.0001* 


ALG 


1 
1 




in Q7 
iu.y/ 


.0009* 


GENDER 
MALE 
FEMALE 


1 
• 


0.314 
-0.314 


1 U • u/ 


.0015* 


NSPTS 


1 


-0.016 


8.85 


.0029* 


CHEM-S 


1 


0.053 


6.82 


.0090* 


REASON 
GENUINE 
SUPERFICIAL 


1 


0.223 
-0.233 


5.93 


.0149* 



*P£lO 



TABLE 3: Model II - Logistic Regression for Persisting 1n 
Baccalaureate Engineering Successfully vs. All Other Enrollment 
Statuses at the End of the Sophomore Year 



EFFECT 

INTERCEPT 

PHYS I 
A/B 
C 

D/F 

CALC I 
A/B 
C 

D/F 

CHEM I 
A 
B 
C 
D 
F 



DF 
1 

2 



ESTIMATE 
-0.731 



1.046 
0.130 
-1.176 



0.744 
-0.084 
-0.660 



1.082 
0.648 
0.169 
-0.720 
-1.179 



CHI-SQ 
9.25 
72.55 



32.39 



24.46 



PROB 
.0024* 
.0001* 



.0001* 



.0001* 



*P£10 
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TABLE 4; Model III - Logistic Regression for Persisting 1n 
Bsccalaureate Engineering Successfully vs. All Other Enrollment 
Statuses at the End of the Sophomore Year 



EFFECT DF 

INTERCEPT 1 

CALC II 2 
A/B 

C 

D/F 

PHYS II 4 
A 
B 
C 
D 
F 

PHSY I 2 
A/B 
C 

D/F 



*pi.io 



ESTIMATE 


CHI-SQ 


PROB 


A AT C 

0.016 


0.01 


.9350 




38.34 


.0001* 


A A! C 

0.91fc 






U.J /4 






-1.092 








35.95 


.0001* 


1.479 






0.874 






0.241 






-0.618 






-1.976 








7.58 


.0226* 


0.459 






0.083 






-0.542 







& 



REFERENCES 

Dorio, H. F.; Klldow, C. A. and Slover, J. A. T. (10*0). Mathematics 
A chievemen t Level Testing As a Predictor of Academ' ; Performan ce and 
.^ uentlon in Engineering Students: Piper presented at the third annual 
meeting of tne southwest Educational Research Association, San Antonio, 
TX. February. ' 

Jakabowskl, G. S.; Lovett, G.; and Ehasz-Sanz, M. (1S88). Ext^nai Factors 
That Affect The Retention of Engineers: An Urban Unive rsltFTeTs'riecTTve . 
Proceeding 1988 Annual conference, American Society for Engineering 
Education, 838-842. 3 

Levin, J and Wyckoff, J. (1988). Effective Advising: Identifying Students 

nnik f& ,o°o Slst and Succeed in Engineering. Engineering Education . 
/o(ilU, 178-182. 

H/ckoff, J H. (1982). A Profile of College of Engine ering Graduates at The 
.^ s y lvan1a State Uni yersitv. Dl vis-Inn nf ftT.,^ a? / R w t 

imz.t, Pennsylvania state University, University Park, PA 



